In a cross-sectional study, prevalence of ovine herpesvirus 2 (family: Herpesviridae, subfamily: Gammaherpesvirinae, genus Macavirus and species: Ovine herpesvirus 2) infection was estimated in sheep population of Karnataka state in India. Based on the three stage cluster sampling method, whole blood samples (356) of sheep were collected from 11 sheep-dense districts of the state. The samples were tested for presence of OvHV-2 genome by recommended hemi-nested polymerase chain reaction (PCR) test. The true prevalence of OvHV-2 infection in sheep population of Karnataka was 24.44 %. Of the 11 district surveyed, highest true prevalence of 42.42 % (CI 25.56-59.29) was found in Raichur followed by Tumkur (39.02 %, CI 24.09-53.96). Inverse distance weighted interpolation of prevalence indicated that OvHV-2 prevalence within a given district is not uniform and there are areas of varied prevalence. The nucleotide sequence of the 422 bp DNA fragment, amplified in PCR, matched 99 % with OvHV-2 reference sequence and other sequences reported from India. Grouping of OvHV-2 sequences obtained from Karnataka with those from Andhra Pradesh, Tamil Nadu and Jammu and Kashmir in the neighbour joining tree indicated a close relationship among the OvHV-2s circulating in India. This is the first study in the country where systematic screening of sheep population of a state for the presence of OvHV-2 infection has been carried out, which indicated a widespread prevalence calling for an urgent need for policy measures to prevent economic losses due to the disease in susceptible cattle and buffalo species.
Introduction
Malignant catarrhal fever (MCF) is usually a fatal disease of bovids, cervids and certain other susceptible ruminant species. The disease has occasionally been reported in domestic pigs [16] . MCF primarily affects the lymphoid organs, the respiratory and alimentary tracts and is characterised by high fever, inappetence, ocular and nasal discharge, kerato-conjunctivitis with corneal opacity and enlargement of peripheral lymph nodes. Death may occur within few days or several weeks after the onset of clinical signs [27] .
Globally, two endemic forms of MCF with distinct geographical distributions exist [27] . Alcelaphine herpesvirus 1 (family: Herpesviridae, subfamily: Gammaherpesvirinae, genus Macavirus and species: Alcelaphine herpesvirus 1) (AlHV-1), which is prevalent in Africa, is wide-spread among wildebeest populations and causes the wildebeestassociated MCF (WA-MCF) in cattle and other species [24] . The other form is caused by ovine herpesvirus 2 (family: Herpesviridae, subfamily: Gammaherpesvirinae, genus:
Macavirus and species: Ovine herpesvirus 2) (OvHV-2), which infects domestic sheep asymptomatically [5] and causes sheep-associated MCF (SA-MCF) in large ruminants like cattle, bison, deer, water buffalo and occasionally swine [16, 27, 29] . SA-MCF has been reported worldwide, including North and South America [25, 26] , Europe [33, 39] , the Middle East [3] , Asia [4, 9] , Africa [5, 24] and New Zealand [10] .
Although MCF has been reported worldwide, the information on the existence of the disease in India is scanty and reported at varied intervals [31] . The first confirmed case based on histopathology was reported in the year 1975 from North Indian state of Punjab [24] , where 31 buffaloes and one cattle died of the disease. While this is the first authenticated report of MCF, there were unconfirmed reports of the disease in India as early as 1941 (Annual Report IVRI, 1941 IVRI, -1942 . A report of clinical evidence in a Jersey Sindhi crossbred bull was also published in 1969 [9] . Almost three decades later, the occurrence of SA-MCF in cattle and sheep was reported from another North Indian state of Jammu and Kashmir [37, 38] . The presence of OvHV-2 in South India became evident, when screening of 612 samples from sheep and goats with some respiratory disease, showed that 17 of these were positive [1] . Recently, OvHV-2 was detected in a captive bison, which died of MCF like symptoms at Bannerghatta National Park, Bengaluru [30] . Detailed investigations revealed the occurrences of clinical cases of MCF in cattle in the areas, surrounding the park. [32] . Very recently, a large outbreak of MCF in cattle has been described from another South Indian state of Andhra Pradesh [11] . At present, it is still not clear whether the recent surge in the cases of MCF in India is the result of true emergence of the virus or merely due to the increased awareness about this disease. Keeping in view of the above, the present study was undertaken to generate baseline information about the extent of OvHV-2 infection in sheep population in India beginning with Karnataka state, so that appropriate control measures can be devised to prevent transmission of OvHV-2 to cattle and other susceptible species.
Materials and methods

Study area
The survey was restricted to Karnataka state, which lies between 11°30 0 North and 18°30 0 North latitudes 74°East and 78°30 0 East longitudes. It has a total land area of 191,791 km 2 and stands eighth in terms of size in the country. The state also has second largest sheep population (9,339,897 as per 2012 livestock census) and has thirty districts with varying sheep density. In general, sheep population is concentrated in eastern half of the state (Fig. 1) .
Sampling
Before the survey, a sampling frame containing hobli-wise (hobli = revenue villages formed by cluster of hamlets) population of sheep was prepared based on the 2007 livestock census. The data for the above purpose was obtained from the website of Department of Animal Husbandry Dairying and Fisheries, Government of India. As no previous knowledge of OvHV-2 prevalence in India was available, it was decided to collect minimum number samples (n = 300) required to detect a rare event [17] and accordingly three stage cluster sampling, keeping district as primary cluster, was done by allocating the samples proportionately to the sheep population. Briefly, sampling was done in 11 districts, which were selected based on sheep density and these districts accounted for nearly 72 % of the total sheep population of the state. The sheep density in these districts, barring Bijapur district, varied from 60 sheep/sq km to 118 sheep/sq km. At the second stage, 2 taluks (sub-district) within each district, having highest sheep populations were selected. Finally, in the third stage, 2 hoblies (cluster of hamlets) within each taluks having highest sheep populations were selected. In all, sampling was done in 44 hoblies (74 hamlets), 22 taluks and 11 districts and 356 samples were collected. The survey was conducted during a period of 4 months from November 2012 to February 2013. The details of sampling locations are shown in Fig. 1 .
Samples, DNA extraction and PCR
Blood samples were drawn in heparinated blood vaccutainers (BD, USA) from the jugular vein of sheep and shipped on ice to the laboratory for further testing. DNA extraction from peripheral blood leukocytes (PBL) and hemi-nested PCR were performed as described earlier [2, 32] .
Nucleotide sequencing and sequence analysis
The PCR amplicons of 422 bp from two of the positive samples, one from northern and another from southern part of the state, were sequenced by Sanger's dideoxy method in an automatic DNA sequencer (ABI 3130, USA). Briefly, the two amplicons were cloned in pGEM-T easy plasmid vector (Promega, USA) as per manufacturer's protocol. Recombinant plasmids were purified using DNA purification kit (Promega, USA).The plasmids were sequenced using Big Dye Terminator (V 3.1) cycle sequencing kit (Applied Biosystems) and T7 and SP6 universal primers (Promega, USA). Sequences were aligned using the Clustal X, Ver. 1.8.3 programme [36] and edited manually using GeneDoc [21] . Nucleotide divergence/similarity was calculated using Megalign module of Lasergene package (DNASTAR Inc., USA). The transition/transversion (Ts/ Tv) rate was estimated from the dataset using TreePuzzle, Ver. 5.2 [34] , and was found to be 1. The bootstrap values were calculated with the modules SEQBOOT, DNADIST, NEIGHBOUR and CONSENSE of the PHYLIP Ver. 3.59 package [7] . The phylogenetic trees, calculated by using the neighbour-joining method, were computed with the DNADIST, NEIGHBOUR modules with the same parameters. Trees were visualised using the programme, TREE-VIEW Ver. 1.6.6 [22] . 
Mapping and spatial interpolation
Location mapping and spatial interpolation were done using Quantum GIS software (QGIS) version 2.0.1-Dufour (OSGeo, Beaverton, OR, USA). For spatial interpolation of prevalence data inverse distance weighting (IDW) method was used.
Results
Genomic detection of OvHV-2
Of the 356 PBL DNA obtained from blood samples collected from 11 sheep dense-districts of Karnataka a total of 87 samples were recorded as positive for OvHV-2 by heminested PCR, which yielded two separate fragments of 422 bp and 238 bp in the first and second stage PCR respectively (Fig. 2a, b) . No amplification was noticed in negative control. In certain samples chosen randomly, the specificity of the PCR products was determined by RE digestion with RSa I. In addition, PCR products, one each from South and North Karnataka were cloned and sequenced, which again confirmed the specificity of the products. The samples were considered positive only when they were positive in both the PCRs. The prevalence of OvHV-2 infection in sheep population of Karnataka was estimated by using 'WinEpi' software (developed by University of Spain) at a confidence interval (CI) of 95 %, and was found to be 24 
Mapping and spatial interpolation
In order to understand how the prevalence was distributed spatially within the surveyed districts, IDW interpolation technique was used to create surface maps from the prevalence data at sampled locations/taluks/districts and is shown in the Fig. 3a-c . From the three figures, it can be seen that location based-IDW map (Fig. 3a) produced many areas showing bull's eye effect. Changing the distance coefficient P and increasing the cell size did not improve the results. Map produced using taluk centroids (Fig. 3b) produced smoother map, results of which resembled those obtained from location based interpolation map. The map produced using district centroid (Fig. 3c) produced an unrealistic surface map. Since the map, produced using the taluk centroid, matched the prevalence data closely (lower root mean square error), we used this map (Fig. 3b) for further analysis. In the Fig. 3b , it can be seen that, there are areas of higher prevalence as well as lower prevalence within a district. For example, in the eastern part of the Raichur district OvHV-2 prevalence is very high (about 60 %), while in northwest region, the prevalence is low (0-13 %). Similarly, in central part of Bellary district prevalence of OvHV-2 is very low, while in southern part it is about 40 %.
Nucleotide sequencing and analysis
For understanding the genetic relatedness of OvHV-2s circulating in Karnataka, cloned second stage PCR products, one (Fig. 4) . Alignment of nt sequences of tegument region with OvHV-2s from India, Brazil, Turkey, Europe and South Africa showed that these are about 0-2.4 % divergent from each other. The grouping pattern in the NJ tree implies that OvHV-2s recovered from world over from variety of species are closely related (Fig. 4) .
Discussion
In the present study, level of OvHV-2 infection in the sheep of Karnataka state, India, was assessed using hemi-nested PCR. Of the 356 blood samples screened 87 were found positive for OvHV-2, with an overall true prevalence of 24.44 %, which is comparatively lower than that reported elsewhere; for example, in a hemi-nested PCR and CI ELISA based study to determine the level of SA-MCF infection in 144 randomly selected healthy adult sheep from 5 states of USA [12] , 143 sheep were found positive for OvHV-2. Similarly, Mirangi and Kang'ee [18] , who have used hemi-nested PCR for surveying the prevalence of OvHV-2 in both endemic and non endemic regions of WA-MCF in Kenya, have reported the presence of OvHV-2 in 90.4 % (161/178) of sheep. These authors have also noted that rates of infection did not differ between WA-MCF-endemic (89 %) and WA-MCF-free areas (92 %). The prevalence of OvHV-2 in other parts of India is currently not known and one available report from Kashmir valley [38] indicated a prevalence of 84.8 % (28/33) in sheep. However, this study was restricted to small group of animals within a small study area and may not be representative of the state. The lower prevalence obtained in our study probably justified the earlier held notion that SA-MCF is not a common disease and deserved the tag of an exotic disease until recently. However, further studies are needed to understand the OvHV-2 prevalence in other parts of the country, as regions/areas with higher prevalence cannot be ruled out. In our study, highest true prevalence of 42.42 % (CI 25.56-59.29) was found in Raichur district followed by Tumkur (39.02 %, CI 24.09-53.96), which is also reflected in interpolated surface map (Fig. 3b) . It is pertinent to note that northern and southern boundaries of the former district are formed by two rivers leading to substantial irrigated (Fig. 3b) , it can seen that there are areas of high ([30 %), moderate (15-30 %) and low (\15 %) prevalence. It is to be noted that, Tumkur and Chitradurga districts have large sheep population and most of which are migratory, resulting in frequent intermixing of flocks there by facilitating the transmission of OvHV-2 among flocks. Mandya and Yadgir districts although have lower overall prevalence (Table 1) , have a substantial land mass with moderate prevalence (Fig. 3c) . For example, taluks such as Krishnaraj Pet, Pandavapura in Mandya district are located within the Kaveri basin and have lot of irrigated lands, which attract sheep migration during dry season. Nagamangala taluk, which falls within migratory route of sheep has higher prevalence, as a result intermixing of the flocks, where as Mandya taluk, which does not fall in the migratory route has lower prevalence. Moderate prevalence in Yadgir taluk (Fig. 3c) , which falls in the dry agroclimatic zone, could be due to close proximity to Raichur taluk, which has a high OvHV-2 prevalence and the resultant frequent intermixing with flocks from the said taluk.
In the present study, the prevalence of OvHV-2 infection in young animals has been shown to be lower than that of the adult animals. This is not surprising considering that the majority of lambs are not infected with OvHV-2 until after 2 months of age [13] and those lambs which are separated from infected sheep from an early age have been shown to remain uninfected as adults [14] . Sheep producers and zoo managers in the United States and in Europe have used this strategy to produce OvHV-2-free sheep [19] . The lower prevalence among younger animals in our study further confirms the above observation and higher level of infection in older animals indicates that these animals have acquired the infection as they grew older.
We have used sequences of ORF 75, which codes for viral tegument protein for constructing NJ tree. The same region has been earlier used by Baxter et al. [2] and Sausker and Dyer [28] for comparing OvHV-2 sequences Fig. 4 [35] have found these to be identical. They have found tegument protein gene region of OvHV-2 as highly conserved among European OvHV-2. Grouping of OvHV-2 sequences obtained from Karnataka with those from Andhra Pradesh, Tamil Nadu and Jammu and Kashmir in the present study further confirms the above observation (Fig. 4) . Similar results were obtained by Dunowska et al. [6] , who found glycoprotein B gene sequences from cattle, bison and sheep to be highly similar; however, higher variability in some sequences, so as to warrant a new subgroup among OvHV-2 sequences from North American bison and sheep has been reported [28] .
It is generally accepted that serological tests are best suited for surveying MCF infection in asymptomatic carrier animals in the field. This is because virtually all reservoir hosts consistently develop antibodies after infection, which can be detected by any of the serological tests. Among the various serological tests, competitive inhibition enzyme linked immunosorbent assay (CI-ELISA), which uses the AlHV-1 antigen for detection of OvHV-2 antibodies has been the recommended method for surveillance and also for declaring individual as well as population freedom from infection [15] . The CI-ELISA, which uses a monoclonal antibody (MAb 15A) to an epitope conserved among MCF group of viruses, is reported to have high specificity [19] . The analytical sensitivity of this ELISA was later increased to four fold using the MAb directly conjugated with horse radish peroxidase [15] . An indirect ELISA, which uses crude AlHV-1 lysate with results comparable to CI-ELISA described by Fraser et al., [8] may be an another option for MCF serology. Unfortunately, CI-ELISA though commercialised is not readily available in many parts of the world, especially in developing countries. In this context, use of hemi-nested PCR was the only option available to us and was used for surveying the level of OvHV-2 infection in sheep. In view of this, the true prevalence obtained in this study could be slightly higher in actual sense due to fact that virus undergoes latency and may not be present at a detectable limit in blood all the time.
Finally, in this limited study to determine the prevalence of OvHV-2 infection in the state of Karnataka, we found that nearly one-fourth of sheep population carries the virus, which could act as a potential source of infection for the clinically susceptible species and also to the remaining reservoir population. This is the first study in the country where systematic screening of sheep population of a state for the presence of OvHV-2 infection has been carried out. Since the infection level is still at a comparatively lower level, enactment of a national policy in the form of a law to direct sheep farmers to segregate lambs at a young age and to raise them separately for developing OvHV-2 free sheep flock would be an ideal proposition. However, given the poor economic conditions and migratory nature of most of the sheep farmers, this might be difficult to accomplish.
